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光谱峰位发生红移，污染物 PCB-52 的最低检测浓度可达到 10-7g/mL。 































Due to their small size effect, surface effect, and surface field enhancement effect, 
noble metal nanoparticles show a large number of unique physical and chemical 
properties that will disappear in the bulk materials and thus have been widely applied 
in biological sensing, medicine, optoelectronics, catalyzing. As one of the most 
important noble metals, the silver nanoparticles become a hot topic in the field of 
localized surface plasmon resonance (LSPR) optical sensing. However, as the LSPR 
signal of individual nanoparticle is very weak, the nanoparticles usually were 
assembled to make collective effects in application. So far, there have been a lot of 
methods to construct these nanoparticles into 2-dimensional (2D) nanoarrays with 
desired patterns. The typical methods for such a construction includes electron beam 
lithography (EBL), photolithography, nanosphere lithography(NSL), etc, among 
which NSL is the cheapest method and can be used to fabricate large area of 2D 
nanoarrays. 
 When the nanoparticles are modified by the molecular (such as protein, 
antibody, antigen, DNA, etc.), the optical properties of the nanoparticles will be 
changed for the combination between the nanoparticles and the molecular ，and can 
be characterized by present spectral techniques. In this way, we can attain the purpose 
of molecular recognition or sensing detection. 
 For this consideration, in the thesis we systematically study the fabrication of 
Ag nanoparticles with 2D array structure via NSL, afterward molecules modification 
and LSPR spectrum analysis were also carried out based on the 2D array structure. 
The detailed research topics and experimental results are listed as follows: 
(1) The fabrication and assembly of the polystyrene nanosphere. An emulsion 
polymerization was employed to fabricate polystyrene (PS) nanosphere. Subsequently, 
a monolayer of PS nanosphere which was used as the deposition mask for NSL was 
self-assembled on glass substrate by dip-coating technique. Some factors crucial to 
















nanosphere and the amount of initiator, emulsifier, monomer and dispersion media 
were investigated in the thesis.   
(2) The fabrication of the 2D Ag nanoparticle array. Ag nanoparticles with 2D 
array structure were fabricated via NSL. The effects of the PS nanosphere size, the 
thickness of the deposited silver film, the position of the deposited chromium buffer 
layer and deposition direction on the structure of the 2D Ag nanoparticle array were 
systematically investigated. It was found that when the diameter of the PS 
nanospheres was about 360 nm, the thickness of the silver film was about 120 nm, 
and the Cr interlayer was deposited directly onto the PS mask, the tips of the acquired 
triangle nanoparticles were much sharper, and the area of the nanoparticle array was 
much larger than the other cases. It was also found that only when the direction of the 
Cr and Ag deposition was perpendicular to the surface of the substrate, the 
nanoparticle array with uniform, well-defined, integrated, triangle-like Ag 
nanoparticles in 2D array that was tightly bound to the substrate could be obtained. 
Thus the optimized parameters were achieved for the fabrication of the 2D Ag 
nanoparticle array to give rise to the best LSPR sensing signal.  
(3) The modification of 2D Ag nanoparticle array with biological molecules. By 
comparison of the LSPR signals before and after the biological molecules 
modification, a sensitive detection of polychlorinated biphenyls (PCBs) was attained. 
In the process, because molecular of PCBs could not combine directly with the silver 
nanoparticles, the thiolate β-cyclodextrins (SH-β-CD) (a derivant of β-CDs) was 
attached to the surface of silver nanoparticles first, and then the PCB-52 moleculars 
were captured by the modified SH-β-CD. Experimental results showed that the 
LSPR signal of the 2D Ag nanoparticle array with modified biological molecules had 
a red shift, and the lowest concentration of PCB-52 that could be detected was 10
-7 
g/mL. 
















































































































米粒子来说，当粒径小于 60 nm 时，其吸收光谱上只表现出一个吸收峰，这个峰
就是偶极子共振模式激发所产生的偶极共振吸收峰；当纳米粒子粒径增大，如大

























图 1-2. 粒子尺寸对 SPR 光谱的影响[34] 
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